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Abstract 
The ability to use and create the opportunities in changeable environment is a feature of agile enterprise. Because the ability 
bases on the knowledge cumulated and developed in the enterprise than the development of the Knowledge Based Economy 
(KBE) should result in increase of the enterprise agility. This hypothesis was checked on the sample of 150 enterprises including 
70% of SMEs. The investigation was done in the following cross sections of agility features: brightness, flexibility, intelligence 
and shrewdness. This work presents the findings about the relations between the changes of KBE pillars and the cross sections of 
enterprise’s agility. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of AHFE Conference. 
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1. Introduction 
Contemporary two basic paradigms of enterprise can be distinguished - lean and agile enterprise [1]. The essence 
of the first one is protection against the changes that take place in the environment by elimination and reduction the 
wastes. The second paradigm depends on using the opportunities that are generated by the changeable environment 
particular by changes at the markets of customers, suppliers, finance and labor forces. After Ansoff the environment 
in that the enterprises act can be characterized as extraordinary strategic turbulence [2]. For enterprises that are 
focused on mass or even mass customization production such environment is recognized mostly as generating the 
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threads. But for agile enterprise the changeable environment is a source of opportunities. Therefore agility seems to 
be the necessary feature of contemporary enterprises and is treated as a basic paradigm of the enterprise.  
To identify and use the opportunities the enterprise has to be able to perceive the events that take place in the 
environment and match them in circumstances that are recognized by the enterprise as favorable situations. This 
ability is called a brightness of the enterprise. It also has to be flexible that means ability of its disposable resources 
to be used to manufacture relatively wider assortment of products. Agile enterprise also needs to be intelligence that 
means the ability to learn and adopt. Additionally it must be able to find a practical way of using the opportunities 
that means it must be shrewd [3]. All the four mentioned above features of agility are based on knowledge of the 
enterprise. Therefore an assumption has been made that the Knowledge Based Economy (KBE) creates natural 
conditions for the enterprises acting in turbulent environment for improvment their agility. To check the assumption 
an investigation was undertaken by a team of researchers from Poznan University of Technology. The investigation 
was led in frame of research project N N115 293838 financed by the National Centre of Science in Poland. 
2. The methodology of the research 
The essence of the methodology of the research on agility of the enterprises in KBE can be come down to the 
following: (1) the identification and analysis of the changes that took place in the environment in the investigated 
period, that was from 2007 to 2011, (2) identification and analysis of the changes that took place in the enterprises in 
same period, (3) analysis of the relations between the changes in the environment and in the enterprises. 
2.1. The methodology of investigation of the changes in the environment of enterprises 
The changes that took place in the environment of enterprises were investigated with use of the KAM 
methodology (Knowledge Assessment Methodology) that is used for assessment of transition of particular 
economies towards KBE. The KAM consists of 148 structural and qualitative variables that represent the overall 
performance of the economy and the 4 pillars of the Knowledge Economy framework: Economic Incentive and 
Institutional Regime, Education, Innovation, and Information and Communications Technologies [4]. For the 4 
pillars of KBE the following 4 counterparts were determined in the enterprises: strategy of agility, human capital, 
changes of organizational structures as a result of organizational innovations, and information and communication 
technologies. They became the research areas in which the changes in enterprises were investigated.  
As a result of qualitative analysis of connections between the 148 variables that KBE derives to measure the 
country’s overall Knowledge Economy Index (KEI) and the research areas in the enterprises, a set of 53 variables 
was chosen. These 53 variables are treated as Independent Variables of the zero rank (IV-0). The values of them for 
Poland in years from 2007-2011 were taken from official sources like statistics of World Bank, OECD, IMF, 
UNCTAD, UNESCO and others. 
From the list of 53 IV-0 four groups of variables were selected that describe the situations in the environment 
which are important from the view point of brightness (B), flexibility (F), intelligence (I) and shrewdness (S) of the 
enterprise. The same variable can belong to more than one group. The division of the IV-0 between groups referring 
to the four features of agility is presented in the table 1.  
With use of the clustering technique from each group four element aggregates were marked off. These aggregates 
are considered to be the Independent Variables of rank 1 (IV-1). Number of 4 elements was determined by fulfilling 
the minimal condition of each aggregate to be reliable. The reliability was checked by Cronbach alpha test. 
2.2. The methodology of investigation of the changes in the enterprises 
To identify the changes in the enterprises an interview questionnaire was elaborated. It consists of 383 questions 
arranged according to the four areas of research that are: strategy of agility, human capital, changes of organizational 
structures as a result of organizational innovations, and information and communication technologies. The research 
was done in 2012 and was led in 150 Polish enterprises including 45 big, 60 medium and 45 small sized enterprises. 
The research period was 2007-2011 and was determined by striving to obtain reliable date from the respondents who 
were the top management or owners of the businesses. The questions were treated as Dependent Variables of zero 
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rank (DV-0). The variables DV-0 were clustered according to criteria referring to the features of agility, i.e. 
brightness, flexibility, intelligence and shrewdness. From the clusters four element aggregates were marked off as 
Dependent Variables of the first rank (DV-1). To check the rationality of the DV-1 they were grouped into 
Dependent Variables of the second rank (DV-2) that met the condition of reliability. The reliability was checked by 
Cronbach alpha test. 
     Table 1. Groups of KAM variables referring to brightness (B), flexibility (F), intelligence (I) and shrewdness (S) of enterprise. 
Knowledge Assessment Methodology (KAM) Feature 
of 
Agility 
B,F,I,S 
Knowledge Assessment Methodology (KAM) Featur
e of 
Agility 
B,F,I,S KAM areas Independent Variables KAM areas Independent Variables 
Overall 
Performance 
of the 
Economy 
Average Annual Gross Domestic Product 
(GDP) Growth  E 
The 
Innovation 
System 
Private Sector Spending on R&D (1-7) B, I 
Gross Domestic Product (GDP) Per Capita E 
Human Development Index (HDI) I Firm-Level Technology Absorption (1-7) F, S 
The 
Economic 
Regime 
Gross Capital Formation as % of GDP 
(Average) E 
Value Chain Breadth (1-7) B 
Trade as % of GDP (DDP)  B Capital Goods Gross Imports (% of GDP) B 
Exports of Goods and Services as % of 
GDP, (DDP) B 
Capital Goods Gross Exports (% of GDP) S 
Intensity of Local Competition (1-7) S Intellectual Property Protection (1-7) I 
Cost to Register a Business (% of GNI per 
capita) B 
Education 
Adult Literacy Rate (% age 15 and 
above) I 
Days Required to Start a Business B Secondary Enrollment (% gross) I 
The 
Innovation 
System 
FDI Outflows as % of GDP, (average)  B Tertiary Enrollment (% gross) I 
FDI Inflows as % of GDP, (average)  B Life Expectancy at Birth (DDP)  F 
Royalty and License Fees Payments, (US$ 
millions), (DDP)  B 
Internet Access in Schools (1-7) B, I 
Royalty and License Fees Payments (US$ 
millions) Per Million Population, (DDP)  B 
Public Spending on Education as % of 
GDP, (DDP)  I 
Royalty and License Fees Receipts (US$ 
millions), (DDP)  B 
Labor 
Unemployment Rate (% of total labor 
force) F 
Royalty and License Fees Receipts (US$ 
millions) Per Million Population, (DDP)  B 
Extent of Staff Training (1-7) I 
Royalty and License Fees Payments and 
Receipts (US$ millions) B 
Cooperation in labor-employer relations 
(1-7) S 
Royalty and License Fees Payments and 
Receipts (US$ millions) Per Million 
Population 
B 
Pay and productivity (1-7) 
F, S 
Researchers in R&D B, I Reliance on professional management (1-7) I 
Researchers in R&D Per Million Population 
B, I 
Local availability of specialized research 
and training services (1-7) I 
Total Expenditure for R&D as % of GDP B 
Information 
and 
Communicat
ion 
Technology 
Telephones Per 1,000 People B, I 
University-Company Research 
Collaboration (1-7) B 
Telephone Mainlines Per 1,000 People 
B, I 
Scientific and Technical Journal Articles, 
(DDP)  I 
Mobile Phones Per 1,000 People  B, I 
Scientific and Technical Journal Articles Per 
Million Population, (DDP)  I 
International Internet Bandwidth (bits per 
person) B, I 
Availability of Venture Capital (1-7) F, S Internet Users Per 1,000 people B, I 
Patent Applications Granted by the USPTO I Fixed broadband internet access tariff (US$ per month) B 
Patent Applications Granted by the USPTO 
Per Million People I 
Government Online Service Index  
B, I 
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High-Technology Exports as % of 
Manufactured Exports, 2009 (DDP)  B, I 
ICT Expenditure as % of GDP 
I 
2.3. Analysis of interdependences between independent and dependent variables 
To identify the interrelations between changes in the environment and in the enterprises a correlation analysis was 
implemented. From the view point of correlation analysis the variables should not to be categorized on independent 
and dependent as the correlation is not a base for concluding about the cause and effect relations.  However when 
interpreting the correlation it was assumed that the changes in the environment are primal for the changes in the 
enterprises.  This assumption is commonly accepted in strategic management and is a logical consequence of this 
that the economy policy of countries aims at behavior of enterprises that leads to achieving social and economic 
objectives. 
3. The results of the research 
3.1. Changes in the environment 
The scale of changes of the environment was identified as a difference between the values of Independent 
Variables of the zero range (IV-0) in the year 2007 and 2011. The values were normalized and expressed in standard 
ten scale covering the range from 1 to 10. Therefore the maximal change for single IV-0 can be 9 and for IV-1 
gathering four variables can be no more than 36. The maximal values can serve as comparison points for assessment 
of the changes (table 2 and 3). 
Table 2. Changes in the environment affecting brightness of the enterprises. 
Independent Variable (IV-1) Independent Variables Change 
of 
B,F,I,S** 
Symbol Name Alpha* 
IV-0 IV-1 
Name Change 
IV-1-B1 
Situations creating 
opportunities - 
internationalization of the 
economy 
0,72 
Trade as % of GDP (DDP) 0 
10 
57 
Exports of Goods and Services as % of GDP, (DDP) 4 
FDI Outflows as % of GDP, (average) 2 
High-Technology Exports as % of Manufactured Exports, 
2009 (DDP)  
4 
IV-1-B21 
Situations creating 
opportunities - licensing 
and R&D market 
(absolute values) 
0,90 
Royalty and License Fees Payments, (US$ millions), (DDP) 5 
17 
Royalty and License Fees Receipts (US$ millions), (DDP) 4 
Researchers in R&D 4 
University-Company Research Collaboration 4 
IV-1-B22 
Situations creating 
opportunities - licensing 
and R&D market 
(relative values) 
0,97 
Royalty and License Fees Payments (US$ millions) Per Million 
Population, (DDP) 
4 
15 
Royalty and License Fees Receipts (US$ millions) Per Million 
Population, (DDP) 
4 
Royalty and License Fees Payments and Receipts (US$ 
millions) Per Million Population 
4 
Researchers in R&D Per Million Population 3 
IV-1-B3 Multimedia users market 0,92 
Internet Access in Schools 4 
15 
Mobile Phones Per 1,000 People 5 
International Internet Bandwidth (bits per person) 1 
Internet Users Per 1,000 people 5 
*  Cronbach’s alpha 
** B - brightness; F - flexibility; I - intelligence; S - shrewdness 
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Table 3. Changes in the environment affecting flexibility, intelligence and shrewdness of the enterprises. 
Independent Variable (IV-1) Independent Variables Change 
of 
B,F,I,S** 
Symbol Name Alpha* 
IV-0 IV-1 
Name Change 
IV-1-F1 
Situations potentially 
essential for financial 
flexibility of enterprise 
0,80 
Average Annual Gross Domestic Product (GDP) Growth -3 
-13 
1 
Gross Capital Formation as % of GDP (Average) -2 
Availability of Venture Capital -5 
Firm-Level Technology Absorption -3 
IV-1-F2 
Situations potentially 
essential for social 
flexibility of enterprise 
0,59 
Gross Domestic Product (GDP) Per Capita 4 
14 
Life Expectancy at Birth (DDP) 6 
Unemployment Rate (% of total labor force) 0 
Pay and productivity 4 
IV-1-I1 
Situations potentially 
essential for intelligence 
of enterprise - creative 
economy (absolute 
values) 
0,73 
Researchers in R&D 4 
16 
44,5 
Scientific and Technical Journal Articles, (DDP) 4 
Patent Applications Granted by the USPTO 4 
High-Technology Exports as % of Manufactured Exports, 
2009 (DDP)  
4 
IV-1-I2 
Situations potentially 
essential for intelligence 
of enterprise - creative 
economy (relative 
values) 
0,66 
Researchers in R&D Per Million Population 3 
14,5 
Scientific and Technical Journal Articles Per Million 
Population, (DDP) 
4 
Patent Applications Granted by the USPTO Per Million People 4 
Intellectual Property Protection 3,5 
IV-1-I3 
Situations potentially 
essential for intelligence 
of enterprise - potential 
for staff development 
0,89 
Tertiary Enrollment (% gross) 5 
14 
Internet Access in Schools 4 
Public Spending on Education as % of GDP, (DDP) 0 
Internet Users Per 1,000 people 5 
IV-1-S1 
Situations potentially 
essential for shrewdness 
of enterprise - 
competitive conditions 
0,66 
Capital Goods Gross Exports (% of GDP) 4 
12 12 
Cooperation in labor-employer relations 4 
Reliance on professional management 4 
*  Cronbach’s alpha 
** B - brightness; F - flexibility; I - intelligence; S - shrewdness 
3.2. Changes in the enterprises 
The row values of the Dependent Variables of zero rank (DV-0) were identified with use of the interview 
questionnaire that consisted of 383 questions. The 383 dependent variables were transposed into scale from -5 to +5, 
where negative values mean that situation in an enterprise was deteriorated and positive values mean that it had been 
improved. The DV-0 were aggregated into 87 Dependent Variables of first rank (DV-1). Among them 29 variables 
concerned changes in the enterprises in the period from 2007 to 2011. Further analysis has shown that 21 of them 
(table. 4) are in statistically meaningful correlation with Independent Variables of first rank (IV-1) representing the 
changes in the environment. 
The maximal absolute value of change of single DV-0 equals 5 and the value of change of DV-1 that aggregates 
four DV-0 is 20. These figures can be points of comparison for assessment of the scale of changes that took place in 
the enterprises (table 4). 
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Table 4. Changes in the enterprises. 
Dependent Variables (DV-1) Number of 
DV-0 
aggregated 
Value 
of 
change 
Scale of 
change 
[%] 
Symbol* Name 
DV-1-B1-1 Use of process management documentations 4 1,97 9,83 
DV-1-B1-2 Flexibility of organizational structures 4 3,60 18,00 
DV-1-B2-1 
Number of organizational units and forms of organizations for taking 
strategic decisions 
4 1,77 8,33 
DV-1-B2-2 Dimensions of organizational structures 4 3,33 16,67 
DV-1-F1-1 
Use of tools for competencies management and features of employees 
competencies 
4 3,50 17,50 
DV-1-F1-3 Flexibility and significance of organizational structures  4 3,63 18,17 
DV-1-F3-1 
Number of organizational units and forms of organizations for taking 
strategic decisions 
4 1,77 8,83 
DV-1-F3-2 
Split of strategic and operational tasks between different forms of work 
organization 
4 1,90 9,50 
DV-1-F5-2 
Recruitment by top management, significance of HRM and  employment 
policy 
4 2,13 10,67 
DV-1-I1-2 Specialization of organizational units and implemented computer systems 4 10,57 52,83 
DV-1-I3-2 
Participation of workers with flexible working time, percentage of functions 
performed according to precise procedures and use of organizational 
documentation 
4 3,80 19,00 
DV-1-I2-1 Diversity of tasks of administrative staff and the way of recruitment 4 2,47 12,33 
DV-1-I2-2 Significance of IT, use of process documentation, and owners of processes 4 3,37 16,83 
DV-1-I4-2 
Importance of top management initiatives concerning strategy and 
organizational structures, significance of HRM and flexibility of 
organizational structures 
3 2,47 12,33 
DV-1-I4-3 Flexibility of organizational structures 4 4,30 21,50 
DV-1-I3-1 
Change of employment and knowledge of top management about designing 
organizational structures 
4 6,63 33,17 
DV-1-I3-3 
Importance of the matter of organizational structures and scope of 
competition 
4 0,93 4,67 
DV-1-S2-1 
Scope of competition, importance of top management initiatives concerning 
strategy and organizational structures, review of processes and flexibility of 
organizational structures 
4 0,63 3,17 
DV-1-S2-2 
Flexibility of organizational structures, change of key suppliers and 
participation in stable cooperation  nets 
3 4,43 22,17 
DV-1-S1-1 
Split of strategic and operational tasks between different forms of work 
organization 
4 1,90 9,50 
DV-1-S1-2 Flexibility of organizational structures 4 4,30 21,50 
* DV-1: Dependent Variable of the first rank that concerns B, F, I, S: brightness, flexibility, intelligence and shrewdness + number of  
DV-2 that integrates such DV-1 that fulfils the condition of reliability. 
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3.3. Correlation between changes in the environment and in enterprises 
The correlation between changes in the environment and in enterprises has been limited to the same attribute of 
agility of enterprise. The only exceptions are dependent variables concerning shrewdness that are correlated with all 
independent variables concerning the other attributes (tab. 5). This is because the IV-1 concerning shrewdness 
includes independent variables of zero range with fixed values. For fixed values the correlation does not exist.  
Table 5. Correlation between changes in the environment (IV-1) and in the enterprises (DV-1). 
Independent 
Variables 
(IV-1) 
Dependent Variables (DV-1) 
DV-1-B1-1 DV-1-B1-2 DV-1-B2-1 DV-1-B2-2   
IV-1-B1 -0,6614 -0,7470 0,0611 0,3880   
IV-1-B21 0,3503 0,3453 -0,5072 -0,7867   
IV-1-B22 0,9432 0,7399 -0,1170 -0,0874   
IV-B3 -0,6904 -0,8729 -0,8141 -0,6696   
 DV-1-F1-1 DV-1-F1-2 DV-1-F1-3 DV-1-F2-1 DV-1-F2-2 DV-1-F2-3 
IV-1-F1 -0,9608 -0,0663 -0,9153 0,1262 0,0490 -0,2800 
IV-1-F2 -0,9608 -0,0663 -0,9153 0,1262 0,0490 -0,2800 
 DV-1-F3-1 DV-1-F3-2 DV-1-F4-1 DV-1-F4-2 DV-1-F5-1 DV-1-F5-2 
IV-1-F1 -0,9146 -0,6214 -0,1469 -0,3494 -0,1923 0,6759 
IV-1-F2 -0,9146 -0,6214 -0,1469 -0,3494 -0,1923 0,6759 
 DV-1-I1-1 DV-1-I1-2 DV-1-I2-1 DV-1-I2-2 DV-1-I3-1 DV-1-I3-2 
IV-1-I1             
IV-1-I2 0,3992 0,7157 -0,7852 -0,9156 0,4800 0,6714 
IV-1-I3 0,0500 -0,2039 0,2082 0,5352 -0,8768 -0,8202 
 DV-1-I3-3 DV-1-I4-1 DV-1-I4-2 DV-1-I4-3   
IV-1-I1           
IV-1-I2 0,4202 -0,2261 -0,8322 -0,4301   
IV-1-I3 -0,8864 0,3785 0,9639 0,9150   
 DV-1-S1-1 DV-1-S1-2 DV-1-S2-1 DV-1-S2-2   
IV-1-B1 -0,4959 0,4110 0,9712 0,8572   
IV-1-B21 0,8592 0,0549 -0,9443 -0,4849   
IV-1-B22 0,0452 -0,7138 -0,3534     
IV-1-B3 0,5853 0,9331 0,2188 0,7058   
IV-1-F1 0,5930 0,7637 0,2003 0,7672   
IV-1-F2 0,5930 0,7637 0,2003 0,7672   
IV-1-I1           
IV-1-I2 -0,8738 -0,4301 0,8018 0,4849   
IV-1-I3 0,8169 0,9150 -0,1485 0,3436   
IV-1-S1       
4. Discussion and conclusions 
4.1. Changes in the environment 
The results presented in table 2 and 3 allow to state that in the research period there were significant and positive 
changes in the environment. Taking into consideration 39 KAM variables (IV-0), the changes cover 33% of maximal 
changes. In cross section of features of environment that are potentially important to: 
x Brightness of the enterprise, characterized by16 variables, the maximal coverage is 40% 
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x Flexibility of enterprise, characterized by 8 variables, the maximal coverage is 1% 
x Intelligence of the enterprise, characterized by 12 variables, the maximal coverage is 70% 
x Shrewdness of the enterprise, characterized by 3 variables, the maximal coverage is 44%. 
The most positive changes appropriately relating to brightness, flexibility, intelligence and shrewdness of the 
enterprise equal 47% (IV-1-B21), 39% (IV-1-F2), 44% (IV-1-I1) and 44% (IV-1-S1) of the maximal possible 
change. The environment did generate more opportunities in the market, the social conditions of society were 
improved, the economy became more creative, and the conditions for education and human resources development 
as well as competitiveness of the economy were improved. The only deterioration concerns the situations potentially 
essential for financial flexibility of enterprise (IV-1-F1). This change covers 36% of maximal changes. The 
deterioration is a result of decrease of the following: average annual GDP, gross capital formation as % of GDP, 
availability of venture capital, and firm-level technology absorption. 
4.2. Changes in enterprises 
Among the dependent variables DV-1 that represent changes in the enterprises shown in table 4 there are no such 
once that integrate all or even most of DV-0 with negative values. In result the general trend of changes in 
enterprises can be recognized as positive. However the changes are disproportionately weaker that changes in the 
environment. In cross section of features of agility of enterprise the percentage of maximal changes is as follows: 
18% in case of brightness characterized by four DV-1; 18,17% in case of flexibility characterized by five DV-1; 
52,83% in case of intelligence characterized by eight DV-1; 22,17% in case of shrewdness characterized by four 
DV-1. The average change of agility in the enterprises is positive and covers 16,5% of the possible maximal 
changes. 
In case of brightness the biggest changes concern organizational structures. The structures make possible 
identification and analysis of events that happen in the environment and the same make possible identification of 
opportunities. As far as flexibility of enterprise is concerned the biggest changes refer to flexibility of human 
resources, that is caused by improvement of competences of employees and flexibility of organizational structures in 
the area of basic and supportive as well as administrative processes [5]. The increase of intelligence was caused by 
narrowing the specialization of organizational units, increase the scope of use of computer supported systems [6], 
flexibility of organizational structures, employment policy that is focused on high competences of staff, and 
development of top management knowledge about possible solution of organizational structures. The improvement 
of shrewdness of the enterprises is result of flexibility of organizational structures, changes of key suppliers, and 
development of network of cooperating firms.  
4.3. The influence of the environment on changes in enterprises 
The data collected in table 5 allow concluding the following: 
x There is no deterministic relation between the changes in the environment and in enterprises 
x The mechanism of causing the changes in the enterprises is complicated and multifactor 
x Each of independent variables IV-1 affects in both positive and negative way the brightness, flexibility, 
intelligence, and shrewdness of enterprises 
x  There are 8 negative and 2 positive statistically meaningful correlations between independent and dependent 
variables concerning the brightness; the same numbers refer to flexibility 
x In case of intelligence of enterprises there are 6 negative and 5 positive statistically meaningful correlations 
between independent and dependent variables 
x The set of dependent variables that characterize the shrewdness of enterprises has 3 negative and 15 positive 
correlations with independent variables concerning the other features of agility. 
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